Introduction
9,10-Phenanthrenequinone (PQ, Fig. 1 ) is one of the environmental pollutants that is detected on the surface of airborne particulates [1, 2] .
It has been reported that PQ has harmful effect on living tissues and cells. For example, PQ acts as a generator of reactive oxygen species (ROS) through the redox cycle in biological system and ROS can induce several types of oxidative damage such as lipid peroxidation [3, 4] .
Additionally, PQ serves as an inhibitor of certain enzymes, such as nitric oxide synthase and glyceraldehyde-3-phosphate dehydrogenase, by the covalent binding to the active site of enzymes [5, 6] .
It has been reported that several respiratory diseases, such as asthma and inflammation, can be caused by inhalation of PQ in the air [7, 8] .
Therefore, it is necessary to measure the concentration of PQ in the atmospheric environment in order to evaluate the potential adverse effects of PQ on human health.
Recently, we found that PQ can be converted to strongly fluorescent lophine derivative by the reaction with benzaldehyde in the presence of ammonium acetate (Fig. 1 ). Based on this reaction, we developed a determination method for PQ in airborne particulates by pre-column derivatization and high-performance liquid chromatography (HPLC) with fluorescence detection [9] . Although the developed method allowed sensitive determination of PQ, the formed derivative emitted fluorescence at relatively short wavelength region and its detection was sometimes interfered by fluorescent compounds existed in airborne particulates.
On the other hand, it has been reported that the fluorescence characteristics of lophine derivatives were dependent on the substituents of 2-phenyl moiety of imidazole [10] . Therefore, in this study, in order to discover more suitable reagent for pre-column fluorescence derivatization of PQ, we examined the fluorescence characteristics of 21 kinds of aromatic aldehydes after the reaction with
2). Among the tested aromatic aldehyde, 4-carbomethoxybenzaldehyde was found to be the most suitable derivatization reagent in terms of fluorescence intensity and wavelength.
In this instance, we developed an improved HPLC method for PQ using 4-carbomethoxybenzaldehyde as a derivatization reagent, and the developed method was successfully applied to determine PQ content in airborne particulates.
Experimental

Chemicals
The aromatic aldehydes tested in this study are shown in Fig. 2 Purified water was prepared by a Simpli Lab UV (Millipore, Bedford, MA, USA). The other chemicals were of analytical reagent grade.
Evaluation of aromatic aldehyde as derivatization reagent for PQ
To 100 µL of 100 µM PQ solution in methanol, 50 µL of 0. 
HPLC system and conditions
The HPLC system consisted of a Shimadzu LC-10AS pump, a Shimadzu RF-10AxL fluorescence detector, a 7125 injector with a 20-µL loop (Rheodyne, Cotati, CA, USA), and a Shimadzu C-R7A integrator.
Chromatographic separation was performed on a Cosmosil 5C18MS (250 
Determination of PQ in airborne particulates
Airborne particulates were collected on a QR-100 quartz-fiber filter was extracted ultrasonically with 4 ml of methanol for 10 min. After taking the organic fraction (3 mL), the extraction was repeated again.
These organic layers were combined and evaporated to dryness, and the resultant residue was dissolved in 100 µL of methanol. The reconstitute solution was treated according to the derivatization procedure described in Section 2.
3. An aliquot of 20 µL of the reaction mixture was injected into HPLC after filtration through a 0.45-µm membrane. Table 1 between the concentrations and peak heights in the range from 0.005 to 10 pmol/injection. The detection limit for standard PQ at a signal-to-noise (S/N) ratio of 3 was 1.2 fmol/injection. The sensitivity of the proposed method was approximately 4 times higher than that of our previous method using benzaldehyde as a derivatization reagent [9] .
3.Results and Discussion
In addition, the sensitivity was 800, 100, 50 and 5 times higher than those of gas chromatography with mass spectrometry (GC-MS) [11] , liquid chromatography with tandem mass spectrometry (LC-MS/MS) [12] , HPLC with post-column fluorescence derivatization method [13] and HPLC with chemiluminescence detection method [14] , respectively. The 
Conclusion
In this study, we evaluated 21 kinds of aromatic aldehyde for their ability as a fluorescence derivatization reagent for PQ. 
